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THE PRODUCTION of fruits and nuts on irrigated 
land has become an important part of the agri- 
culture of the Western States. The favorable cli- 
mate of the Pacific slope and that portion of the 
Rocky Mountain States lying in the drainage basin 
of the Pacific makes those regions well adapted to 
fruit growing, hence considerable areas are there 
devoted to orchards. This bulletin is based largely 
on the practice developed in the sections named. 

The first cost of a reliable water supply forms a 
necessary part of the orchard investment, and the 
annual costs of maintaining a water system and ap- 
plying water add to the yearly charges of operation. 
Moreover, the profits from an irrigated orchard are 
dependent upon a uniform distribution of water 
over the surface and a proper control of the soil 
moisture within the root zone of the trees. Many 
failures are directly traceable to the insufficiency of 
the water supply or the manner in which it is con- 
trolled and distributed. 

This bulletin is a revision of and supersedes Farm- 
ers' Bulletin 882, entitled " Irrigation of Orchards." 
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SELECTION OF LOCATIONS 

CARE AND GOOD JUDGMENT 
should be exercised in selecting 
an orchard tract. If the enterprise 
turns out well, the profits are high, 
but if it fails the losses are heavy. 
Success involves the setting aside of 
good land, the proper use of irriga- 
tion water, and prudence in making 
the somewhat heavy expenditures re- 
quired to purchase trees, plant them, 
and care for them until they begin to 
bear. The investment is to run a long 
time and the various factors which 
are likely to affect the undertaking's 
success should be considered carefully. 
Failure may come from causes which 
are not related to the selection of a 
site, but the orchardist's chance of 
success is greatly increased when he 
takes the precaution to find out the 
adaptability of the variety of trees he 
intends to plant to the climate and 
soil of the locality, the adequacy and 
dependability of his water supply, the 
risk of high water table and alkali, 
the wages of labor and its quality, and 
the probable cost of packing, iaspec- 
tion, transportation, and marketing of 
the fruit. 

Assuming that the climate and soil 
of the district selected are adapted 
to the kind of trees to be grown, the 
next most important things to seek are 
good drainage and freedom from un- 
seasonable frosts. Low-lying lands 
under a new irrigation system should 
be regarded with suspicion, even if 



the subsoil is quite dry at planting 
time. A few years of heavy and 
careless irrigation on the adjacent 
higher lands may render the lowlands 
unfit for orchards. On the other 
hand, the higher lands are not al- 
ways naturally drained. A bank of 
clay extending across a slope may 
intercept percolating water and cause 
it to rise near the surface. , Favored 
locations for orchards in the Moun- 
tain States are often found in the 
narrow river valleys at the mouths of 
canyons. The coarse soil, steep slopes, 
and the winds which blow daily in 
and out of the canyons, afford excel- 
lent conditions for the production of 
highly-flavored fruits at the minimum 
risk of injury by frost. 

Proper exposure is another impor- 
tant factor. In the warmer regions 
of the West and Southwest a north- 
ern exposure sometimes is best ; but 
as a rule the orchards require warmth 
and sunshine, and usually a south- 
erly exposure is most desirable. Nat- 
ural barriers frequently intercept the 
sweep of cold, destructive winds, and 
when these are lacking, windbreaks 
should be planted to serve the same 
purpose. 

The elevation of the locality like- 
wise should be considered. As a rule, 
the higher the elevation the colder 
the climate and the shorter the grow- 
ing season. It is true also that the 
low-lying lands of any locality are the 
most subject to frost. Depressions or 
sheltered coves should not be selected 



1 On July 1, 1939, the Soil Conservation Service took over most of the irrigation investi- 
gations previously conducted by the Bureau of Agricultural Engineering. 



2 



farmers' bulletin 1518 



for orchards if the cold air has a 
tendency to collect in them, a free cir- 
culation of air being necessary to 
prevent frost. 

The yield and quality of fruit are 
injuriously affected by abnormal 
weather conditions. Of these the most 
common are frosts during the grow- 
ing season, but heat waves, hail, and 
high winds also do damage. The oc- 
currence of bad weather can not be 
predicted far in advance, but some 
idea of the conditions that may be ex- 
pected can be gained from a study of 
the records of the Weather Bureau. 

The selection of an orchard site and, 
more particularly, the kind of trees 
to plant, may be governed largely by 
economic factors. In localities where 
citrus fruits can be grown success- 
fully the cost of land and water may 
be too high for the profitable produc- 
tion of deciduous fruits. Also, the 
packing and inspection of fruit, ade- 
quacy and cheapness of transporta- 
tion, and nearness to good markets, 
greatly affect the profits of the 
grower. 

Experience has shown that orchard 
trees of nearly all kinds can be 
grown successfully on soils that differ 
widely in their physical and chemical 
composition, and it has also shown 
that certain types of soils are best 
adapted to particular kinds of trees. 
The best peach, almond, apricot, and 
olive orchards of the West are found 
on the lighter or sandier loams, and 
the best apple, walnut, cherry, and 
pear orchards on heavier loams, where- 
as prune and citrus orchards do best 
on medium grades of soil. All, how- 
ever, thrive best on a soil that is deep, 
rich, and well drained. 

CLEARING AND GRADING LAND 

Orchard trees often are set out be- 
fore the land surface is graded, pro- 
vided no brush or trees must be re- 
mqved. This is not good practice. It 
is better to anticipate the planting of 
trees by a few years of preparation. 
If trees and shrubs have to be re- 
moved, the smaller roots should be 
allowed to decay ; and if grading is 
to be done, the newly made soil should 
have time to settle before orchard 
trees are planted. Alfalfa is one of 
the hef&t preparatory crops for or- 
chards. This vigorous plant breaks 
up the soil and subsoil. Its roots col- 
lect and store valuable plant foods, 
and when it is turned under at the 
end of the second or third year it 



leaves the soil in much improved con- 
dition for the retention of moisture 
and the growth of young trees. 

In Bitterroot Valley, Mont., new 
land is first plowed 8 to 10 inches 
deep, then carefully graded and 
smoothed, and seeded to red clover 
for one or two seasons. On the west 
side of this valley, pine trees and pine 
stumps must be removed. Large 
areas of wooded lands in both the 
Hood Ri,ver and Rogue River Valleys 
of Oregon have been cleared for or- 
chard plantings. The Oregon Experi- 
ment Station has studied the subject 
of removing stumps from cutover 
lands,^ and the Division of Drainage of 
the Soil Conservation Service has made 
an extensive study of methods of clear- 
ing land. 

Devices for the removal of ordinary 
desert plants, such as sagebrush and 
greasewood, have been described in an- 
other bulletin.^ 

In the later plantings of citrus 
orchards in some sections of southern 
California, large quantities of bowl- 
ders and cobbles are hauled from the 
land and piled in walls around the 
edges of the tracts. The cost of re- 
moving the rocks sometimes exceeds 
$100 per acre. Such lands are among 
the most desirable for citrus fruits, 
because they are near the foothills 
and at elveations where there is less 
frost than in the lower part^ of the 
valleys. 

LOCATING THE TREE ROWS 

The location of the trees can be 
fixed best by the use of a surveyor's 
light transit and steel tape. When 
these are not available, a woven- 
wire cable about three-sixteenths inch 
in diameter will answer the purpose 
in all but contour planting. If apple 
trees are set out and it is desired 
to have them 32 feet apart, tags are 
inserted between the strands of the 
cable to mark this distance. A base 
line at the proper distance from the 
fence or one margin of the field is 
then located, and a long sighting 
stake is driven at each tag. The 
next step is to locate a side of the 
field at right angles to this line. A 
right angle can best be laid off with 



1 SCUDDBRj H. D. STUMP LAND RECLAMA- 
TION IN OREGON. Oreg. Agr. Coll. Agr. Exp. 
Sta. Bui. 195, 1922. 

2 FoRTiER^ Samuel, practical informa- 
tion FOR BEGINNERS IN IRRIGATION. U. S. 

Dept. of Agr. Farmers' Bui. 864. 38 pp. 
iUus. 1917. rev. 1940. 
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a 100-foot tape or link chain, as fol- 
lows : First, locate a point on the base 
line 30 feet from the end. Hold the 
100-foot end of the chain at this point, 
and the 10-foot mark at the corner; 
take the chain at the 50-foot mark and 
pull both lines taut. A stake driven 
at this vertex will establish a i>oint on 
a line at right angles to the base line. 
This new line is then staked in the 
same way as the base line, similar 
methods are employed to locate and 
stake the opposite end of the field and 
finally the side opposite the base line is 
staked. When stakes have been set on 
all four sides, the intermediate loca- 
tions for the trees can be ascertained 
readily by sighting between correspond- 
ing marginal stakes. 

Where the slope is fairly steep and 
difficulties are likely to be encountered 
in distributing water, the "triangu- 
lar*' method possesses some advan- 
tages over the square method. This 
plan is shown in Figure 1. It will be 
observed that in this method the 
ground is divided into equilateral tri- 
angles, with a tree at each vertex. 
The trees likewise form hexagons, and 
including the center tree of each hexa- 
gon they form groups of sevens — ^hence 
the names equilateral, hexagonal, and 
septuple. This method provides two 
or more different directions in which 
furrows may be run, and, with such 
a choice, it is not difficult to select 
the one which is best for any par- 
ticular slope. The ground likewise 
can be cultivated in several ways and 
about one-seventh more trees can be 
planted to a given area than is per- 
mitted by the square method. 

In the past the trees of many irri- 
gated orchards have been planted too 
close. This is made clear even to the 
casual observer who visits the old 
orange groves of Riverside, Calif., the 
deciduous orchards of the Santa Clara 
Valley, Calif., or the apple orchards 
of the Hood River district in Oregon. 

The spacing of trees is influenced 
by the use of fillers and the growing 
of intercrops and cover crops between 
the rows. The use of fillers is be- 
coming less common. Many orchard- 
ists of the Northwest object to having 
different varieties of trees on the same 
tract for the following reasons: The 
soil requirements may differ, as in the 
case of peach fillers used in an apple 
orchard ; the quantity of water re- 
quired and the time of application are 
likely to differ; one variety of fruit 
may require frequent spraying or 
smudge pots, while the other does not; 
the cost of harvesting is increased by 
the differences in time of ripening. 



Most of these objections are overcome 
by planting the same variety as fill- 
ers. Thus, apple trees may be planted 
in squares 20 feet apart; then at the 
age of 15 to 17 years alternate trees 
are removed, leaving a hexagonal sys- 
tem. Walnut trees may be planted in 
rows 60 feet apart and 30 feet apart 
in the row, and at the age of 10 to 14 
years alternate trees in each row are 
removed. An orchard in Orange 
County, Calif., was recently planted 
in walnut trees, rows of which alter- 
nated with rows of orange trees, with 
Lima beans as an intercrop. 

The spacings of the standard va- 
rieties of fruit trees grown under ir- 
rigation where no fillers are inserted 
are about as follows : Figs and wal- 
nuts, 48 to 60 feet; apples, 25 to 40 
feet; prunes and pears, 24 feet; 




Fig. 1.— Triangular arrangement of 
trees 



peaches, 22 feet; oranges, 22 to 25 
feet; and olives, cherries, and apri- 
cots, 22 to 28 feet. 

CONTOUR METHOD OF PLANTING TREES 

The central plain of California is 
surrounded by foothills and southern 
California has foothills on the north 
and west. High winter temperatures 
and good air drainage make these 
foothill lands, in many localities, de- 
sirable for fruit growing. However, 
they have one drawback — ^the steep- 
ness of the slopes increases the cost 
of all operations connected with the 
growing and harvesting of fruit. Ex- 
perience has shown that it is especially 
diflacult to irrigate orchards planted 
in squares on steep sloi)es, because the 
water in running down erodes the soil 
and a uniform moistening of the root 
zone of each tree can not be attained. 
It was largely to overcome the objec- 
tionable features of the common 
method of irrigating and to insure a 
proper grade for furrows that con- 
tour planting was introduced. Setting 
out trees in this way costs more and 
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adds to the labor of cultivating, but 
these objections are more than counter- 
balanced by many advantages. The 
contour method makes available for 
orchards land too steep for other crops, 
provides a fairly eflBcient means of 
irrigation under diflScult conditions, 
and lessens surface grading and there- 
by makes available shallower soils. 
By its use the damage from winter 
rainstorms is reduced, and it provides 
a means of utilizing land which is less 
subject to frost. 

There are two more or less distinct 
types of contour plantings, as outlined 
in Figures 2 and 3. In Figure 2 the 
trees are planted in straight rows 
down the steei)est slope, and as nearly 




Fig 2. — Contour planting on fairly 
uniform grade with straight rows 
up and down the slope 



as practicable on a uniform grade, 
lu Figure 3, the trees are shown 
planted on a constant grade and with 
constant spacing along the rows. 

When a layout is made with en- 
gineering instruments, the first thing 
to do is to establish a control tree row 
adjacent to and parallel with the 
water supply conduit as indicated on 
the left of Figure 4. Each stake in 
this row indicates the head of a tree 
row. A line is then run out from each 
stake in the control row following a 
course which will give the tree row a 
uniform slope, and stakes are set at 
desired distances to mark the loca- 
tions of trees. When the cross slope 
increases enough to cause the dis- 
tance between rows to become too 
small, a stub row results and a new 
row is started from the control. A 
fill row is shown at the lower right in 
Figure 4. Should the cross slope de- 
crease near the lower end of a row, 
causing the rows to diverge, a spike 
row may be inserted. However, stub, 
fill, and spike rows should not be in- 
troduced if a slight variation in grade 
or spacing will serve the purpose. 

A variation of the above method is 
to establish a control row as described 
and locate three lines at right angles 
to it, one at each end and the other 
midway between, and set a marker for 
each tree row down the slope. The 
exact location of each tree is then 
found by lining up with these markers 



and determining the proper position 
on the slope with a leveling instru- 
ment. The object in either method is 
to have straight rows running down 
the slope and rows having a uniform 
grade running out from the main sup- 
ply conduit. Any irregularities that 
may be found in either method can 
be smoothed out later by moving the 
stakes short distances. 

A slope board may be used instead 
of engineer's instruments. This is a 
board of the same length as the tree 
spacing, with two legs, the difference 
in the length of which represents the 
grade. The short leg is placed at a 
tree location on the control row and 
the other leg is turned around until 
it rests on the ground and the bubble 
of a spirit level on the board is cen- 
tered, when the tree location is 
marked; The board is then carried 
forward, the short leg is placed by 
the newly set stake, and the opera- 
tion is repeated. 

As a rule, the grades in contour 
planting vary from 1 foot to 2 feet in 
100 feet (1 to 2 per cent), depending 
on the character of the soil. Theoreti- 
cally the side slope of the land should 
not influence the flow of water on a 
fixed furrow grade; but, in practice, 
contour plantings on side slopes of 15 
to 25 per cent are made with steeper 
furrow grades than those on side 
slopes of 5 to 15 per cent, to lessen 




Fig. 3.— €ontour planting on constant 

grade with constant spacing 



the risk of clogging furrows, which 
would, cause the water to overflow 
from one contour furrow into the one 
next lower, and bring about soil ero- 
sion if the flow of a large number of 
furrows should accumulate. For this 
reason the furrow grades on steep side 
slopes of 25 per cent are usually nearly 
1 per cent more than they are on easy 
side slopes of 5 per cent. 

COST OF WATER 

The regulations governing the de- 
livery of water seldom make any dis- 
tinction affecting the crops grown on 
farms within the confines of any one 
enterprise, except that provision is 
sometimes made for giving preference 
to certain crops in times of water 
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shortage. The farms devoted in whole 
or in part to the production of fruit 
are entitled to the same quantity of 
water per acre at the same rate as 
farms which have no orchards. Ac- 
cordingly, the water supply for or- 
chards does not differ in the main from 
that of any other crop, except in fa- 
vored localities especially adapted to 
fruit growing, where the profits are 
high enough to warrant the installa- 
tion of costly equipment. 

Although the annual cost of water 
in itself often amounts to a large 
sum, studies by the Division of Irri- 
gation indicate that they may not con- 
stitute a large proportion of the total 
expenditure for the operation of an 
orchard farm. In one of the best- 
known irrigated sections of the North- 
west, where apples constitute the ma- 
jor crop, the rate charged for water 
per acre is much higher than the a|Y- 
erage water charge; yet water pay- 
ments represented only 4 per cent of 
total farm expenditures for the aver- 
age farm in 1%24 and only 2 per cent 
of the average farmer's receipts from 
farm products. Hence, although it is 
of importance to ascertain what ex- 
pense is to be involved in water 
charges, it should also be kept in mind 
that a profitable orchard can stand an 
expense for water which might be too 
heavy for other types of farms. 

MEASUREMENT OF WATER 

The units generally used in measur- 
ing water for orchards are the cubic 
foot per second, miner's inch, acre- 
foot, acre-inch, and gallon. The cubic 
foot per second, sometimes abbreviated 
to ''second-foot," is the standard unit 
for flowing water. It is the equivalent 
of a column of water 1 foot square 
moving at the rate of 1 foot per sec- 
ond and should be applied to the 
measurement of all but the smaller 
flows. The miner's inch is a variable 
unit, equalling one-fiftieth second-foot 
in Idaho, Kansas, New Mexico, North 
Dakota, South Dakota, Nebraska, 
Utah, and southern California, and 
one-fortieth second-foot in Arizona, 
Montana, Oregon, and northern and 
central California. The United States 
gallon contains 231 cubic inches and 
is used to indicate the discharge of 
pumps and pumping plants in gallons 
per minute. The acre-foot and its 
twelfth part, the acre-inch, are used 
to measure water at rest. The same 
unit is likewise used to indicate the 



quantity of water applied in irriga- 
tion through any period of time. 

One of the cheapest and most ef- 
fective deivices for measuring flowing 
water is the weir.' A disadvantage 
of the weir is that it requires consider- 
able fall to operate accurately. This 
defect is avoided in a somewhat dif- 
ferent device known as the Parshall 
measuring flume, developed by the 
Division of Irrigation."^ It consists of 
a converging portion with a Ijevel floor. 




Pig. 4. — Contour planting, showing 
stub, fill, and spike rows. Co-ntour 
interval, 2 feet ; trees 24 feet apart ; 
grade, 6 inches per 100 feet 



a throat or contracted section having 
a floor that slopes downward, a diverg- 
ing section with floor which slopes 
upward, and a well to record the 
height of the water. A flume of this 
type installed under free flow condi- 
tions is shown in Figure 5. This de- 
vice is accurate enough, for practical 
purposes. It operates successfully un- 
der a quarter of the head required by 
weirs ; sand or silt in the water does 
not affect its operation or accuracy; 
and it has a wide range of capacities. 

Other measuring dCivices, many of 
which are particularly adapted to the 
special needs of different localities, 
have been widely used in those sec- 
tions but have not found favor else- 
where. However, the rising cost of 
w^ater in many sections specializing 
in fruit growing, and the desirability 



sPAKSHALIi, R. L. MEASURING WATER IN 
IRRIGATION CHANNELS. U. S. Dept. Agr. 

Farmers' Bui. 1683, 18 pp., illus. 1932. 
^Parshall, Ralph L. the pabshall 

MEASURING FLUME. Colo. Expt. Sta. Bul. 

423, 84 pp., illus. 1930. 
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of apply iiif? only tlie proper quantities 
even when water is plentiful, encour- 
age tlie installation of accurate jneas- 
uriui? devices by oreliardi.st.s. 

IRRIGATION LAYOUTS FOR ORCHARDS 

As a rule the diver.sifieation or iuter- 
plantiiig of orchards with other crops 
is practiced ^vllere failures of fruit 
crops are common or where profitable 
returns can not be depended upon. 
In many areas, however, where this 
danger docs not exist, one of which 
is the Lower Kio Grande Valley of 
Texas, fruit j?ro\ving is combined with 
the production of other crops which 




Fig. 5. — Parshall moasiirin.? nuiiie with 
1-fout throat nuti tree llow 



are profitable l)(*eause of favorable 
climate aud soil, cheap labor, and 
atvcsS to early market.^. A typical 
Lower Kio Grande Valley farm in 
early spring is shown in Fij;iu*e G. 
It contains 22V2 acres, of which IS 
acres are under diversified crops. 
Only 41-2 acres are in citrus trees, but 
an ndditioual area will be planted as 
the older trees reach full maturity 
and swell the prolits from the farm. 
The corn and sorghum are for home 
use. The cotton, cabbage, corn, aud 
sorghum will be followed later in the 
year by other crops. The water is 
carried from the highest corner of 
the farm in earthen ditches which 
provide a head ditr*h for each field. 
Tlie border and furrow methods of ir- 
rigation are used, the length of run 
for each being indicated. 



I*art of a d(viduous fruit farm near 
Grand view, AVash., is ^ketclu'd in Fig- 
ure 7. The water is conveyed in 
wooden pipes 4 to (j inches in diameter 
from a head gate of a lateral ditch of 
the system, and small hydrants three- 
fourths inch to 1 ineh in diann^ter, 
(controlled by valves, are iiiftertod in 
the piiK'S at suitable intervals to sup- 
ply water to the furrows. A part of 
the drainage system of the country is 
also shown. 

An irrigation layout typical of the 
citrus groves of southern ('alifornia 
has a 10-inch supply line, an under- 
ground concrete S-inch pii)e wliieh car- 
ries the water along the ni)per side 
of the orchard, and a branch line ex- 
tending down one side to a second 
head pii)e of the same size in the 
middle of the grove. The llow to the 
I furrows is controlled by means of 
I small .stands at. the head of the tree 
rows. 

I Citrus orchards of the Federal recla- 
mation projcx't near Yuma, Ariz., are 
in 10 and 20 acre tracts. The land 
being nearly level, the head ditch, 
ilnme or pipe lino usually ean be locat- 
ed in the middle of the tract and the 
water distributed on vnvh side. A 
t.vi)ieal 20-acre orchard has a centrally 
located concrete flume 24 incluvs wide 
and 12 inches deep, from which water 
is distributed laterally to the furrows 
between the tree rows. The sloi)e of 
the furrows is 1 inch to the 100 feet, 
or more. 

Water for certain apricot and prune 
orchards near San Jose, Calif., is 
pumped from a shallow well on the 
bank of a creek through 1,400 feet of 
10-incli eoncn^te ])ipe. I^art of this 
discharge pipe operates under a head 
of SO feet, and this section, about 400 
feet in length, consists of double- 
strength pipe, 2 inches thick. The 
middle 600 feet of the line is under a 
head of 35 to 04 feet and the pil)e 
used is IVs inches thick. On the 
upper 450 feet the head does not ex- 
ceed 35 feet, and standard concrete 
l)ipe, fifteen-sixteenths inch thick, is 
used. To overcome water-hammer, a 
steel air dome was placed near the 
pump. This consisted of a standard 
40-gallon house water tank connected 
to the discharge pipe and ancIiorcKl by 
a block of eoncrote. The water is 
dl.stributed from the discharge pipe to 
the furi-ows of the orchard on both 
sides of the line b.v h.vdrnnts. 

The water .supply for a diversified 
farm near Brigham City, Utah, is 
pumped from a well into a cone re to 
flume extending across the ui)i)er 
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boundary of the orchard. The water 
passes from the flume into earthen 
ditches which convey it to the several 
fields, as outlined in Figure 8. 

Recently a 300-acre tract in Yuba 
County, Calif., was subdivided, most 
of the blocks being 440 feet wide and 
660 feet long. The water supply of 
the subdivided tract is pumped from 
Feather River through a concrete pipe 
20 inches in diameter. The distribu- 
tary pipe lines are of the same mate- 
rial, range in diameter from 10 to 
16 inches, and are fitted with alfalfa 
hydrants. The entire tract is planted 
to pears. 

UNDERGROUND PIPE SYSTEMS 

Head flumes, since they must be 
placed on the ground surface, inter- 



quoted in January, 1925, by a firm at 
San Jose, Calif., for units 2^/^ feet 
long. 

Table 1. — Si^e, price, and weight of 
thin-shelled' concrete pipe for general 
orchard use 



Size 


Price per 
foot at 
plant 


Price per 
foot in- 
stalled 


Weight 
per foot 


Inches 


Dollars 


Dollars 


Pounds 


8 


0.25 


0.33 


27 


10 


.30 


.40 


37.6 


12 


.38 


.50 


46.2 


14 


.48 


.63 


66.4 


16 


.65 


.88 


75.2 


18 


.82 


1.05 


98.8 



Clay pipe of the form and type used 
for city-sewer systems is occasionally 
used to distribute water in orchards 



Pasture of Bermuda 



grass. Rhodes grass. 



Clover or Alfalfa 



Borders 30'x260 
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Fig. 6. — Irrigation layout of earth ditches for a 20-acre diversified farm In southern Texas 



fere with cultivation, irrigation, and 
harvesting, and leaves clog their 
small openings. These objections have 
induced many fruit growers to convey 
the water in underground pipes, and 
distribute it through standpipes, or 
" stands " as they are more frequently 
called, at the heads of the tree rows. 
Several kinds of pipe are used, but 
concrete is the most common. 

Formerly concrete-pipe systems 
could not be subjected to heads of 
more than about 1.5 feet because of 
the risk of failure of improperly made 
pipe. At present standard pipe 8 to 
14 inches in diameter is laid under 
heads of 40 feet. The size, price, and 
weight of thin-shelled concrete pipe 
applicable to general orchard use are 
given in Table 1. The prices were 

227424°— 40 2 



under low heads. The weight, dimen- 
sions, and price of standard strength 
clay pipe, as quoted January, 1925, by 
a California firm, appear in Table 2. 

Table 2. — Weight, dimensions, and 
price of standard strength clay pipe 
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Where pressure is high, riveted- 
steel pipe with slip joints may be 
used either to convey water to an 
orchard or to distribute it. The price 
(January 1, 1925), weight, and safe 
head in feet for three thicknesses of 
steel as made by a firjm in Los Ange- 
les, Calif., are shown in Table 3. 

Table 3. — Price, weight, and safe head 
of steel pipes 

NO. 16 GAUGE 



Diam- 


Price 


Weight 


Safe 


eter 


per 
foot 


per 
foot 


head 


Inches 


Dollars 


Pounds 


Feet 


4 


0.29 


3.7 


390 


5 


.34 


4.4 


360 


6 


.41 


5.3 


340 


7 


.45 


6.2 


325 


8 


.50 


7.0 


315 


9 


.55 


7.8 


290 


10 


.61 


8.6 


252 


12 


.71 


10.3 


210 


NO. 14 GAUGE 


4 


0. 34 


4.4 


480 


5 


.40 


5.4 


450 


6 


.49 


6.4 


430 


7 


.53 


7.4 


410 


8 


.59 


8.4 


394 


9 


.65 


9.4 


350 


10 


.74 


10.4 


316 


12 


.85 


12.4 


263 



Table 3. — Price, weight, and safe head 
of steel pipes — Continued 



NO. 12 GAUGE 



Diam- 
eter 


Price 
per 
foot 


Weight 
per 
foot 


Safe 
head 


Inches 


Dollars 


Pounds 


Feet 


8 


0.80 


1L6 


653 


9 


.87 


12.9 


490 


10 


LOO 


14.3 


443 


12 


L17 


16.9 


368 



In many orchards in Washington 
and Oregon, and to a less extent in 
other Western States, wooden pipe is 
used both to convey and to distribute 
water. Such pipe is generally made 
of continuous staves, and ranges from 
1 to 12 feet in diameter. The pipe 
used to distribute water in orchards 
are machine-banded with spiral steel 
hoops, and range in diameter from 2 
to 12 inches or more. Wooden pipe 
may be creosoted at a cost of 4 to 
20 cents per foot, depending on the 
size, and this process greatly prolongs 
its life. 

The size, safe head, kind of joint, 
and price (January 1, 1925) of wood- 
stave pipe, as made by a firm in 
Seattle, Wash are given in Table 4. 



Table 4. — Size, safe head, kind of joint, and price of wood-stave pipe 



Diam- 
eter of 
pipe 



Safe 
head 



Kind of joint 



Weight 
per 100 
feet 



Price per 
100 feet 

untreat- 
ed and 
coated 



Uncoated Coated 



Add per 100 feet for 
creosoted pipe 



Inches 
2 

3 

4 

5 



Feet 

' 50 
100 
250 

' 60 
100 
250 

' 60 
100 
250 

■ 60 
100 
260 

' 60 
100 
260 

' 60 
100 
260 

' 60 
100 
250 

' 50 
100 
260 



Inserted joint 

do 

do 

do 

do 

6-inch wire-wound collar i_ 

Inserted joint- __ 

do - - 

6-inch wire-wound collar. _ 

Inserted joint- __ _ 

do 

6-inch wire-wound collar 

Inserted joint. __ 

do - 

6-inch wire-wound collar. . 

Inserted joint. 

do 

6-inch wire-wound collar 

Inserted joint 

do.... 

6-inch wire-wound collar 

Inserted joint 

do 

8-inch wire-wound collar «. 



Pcmnds 
327 
337 
376 
426 
440 
497 
563 
579 
G46 
668 
687 
774 
852 
870 
990 
1, 081 
1,119 
1,305 
1, 367 
1, 430 
1, 675 
1,680 
1, 769 
2,155 



Dollars 
20 
21 
24 
25 
26 
33 
31 
32 
40 
36 
38 
48 
44 
46 
57 
55 
58 
74 
69 
74 
95 
79 
85 
117 



Dollars 
3 
3 
3 
4 
4 
4 



Dollars 

4 
4 
4 
6 
6 
5 
8 
8 
8 
9 
9 
9 
10 
10 
10 
13 
13 
13 
16 
16 
16 



20 



1 Add to the above prices for collars instead of inserted joint, where specified, per 100 feet, $2. 
' Add to the above prices for collars instead of inserted joint, where specified, per 100 feet, $3. 
' Add to the above prices for collars instead of inserted joint, where specified, per 100 feet, $4. 

* Add to the above prices for collars instead of inserted joint, where specified, per 100 feet, $5. 

* Add to the above prices for collars instead of inserted joint, where specified, per 100 feet, $6. 
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It is essential to plan pipe systems 
for orchards on contour surveys, and 
to base the location and spacing of the 
trees on the pipe system. Success de- 
pends largely on the skill exercised in 
adjusting both trees and pipes to the 
topography, soil, and water supply of 
the tract. The sizes of pipe needed"* 
will depend on the area, the grades of 
the pipe lines, the interior smoothness 
of the pipe and its joints, and the 
water requirement of the trees. 



but when they are closed the full head, 
with any water hammer that may oc- 
cur, acts on the pipe. To prevent 
higher pressures than the pipe can 
safely resist, standpii)es are inserted. 
These are of various heights and types, 
but all serve to limit pressure and by- 
pass excess water after it has reached 
a fixed elevation. 

A mixture of air and water makes 
a troublesome combination in a pipe 
on account of the ease with which 



Prcperfy Line. — 

Pipe Line without Hydrants • 

Pipe Line with Hydrants 

Contour, Sea Let9/ Datum — 750^^ 

Direction of Furrows ^ 

Surface loafer Inlet Q 

Yakima County Drain , 

District /V0.35 




Fig. 7. — Irrigation layout of wood-stave pipe for deciduous orchard near Grandview, Wash. 



In addition to gates, valves, outlets, 
and fittings, successful pipe systems 
usually include special equipment. 
When the outlets of a long line of con- 
crete pipe on a steep grade are open, 
the pressure may be wholly removed ; 

s For a determination of the capacity of 
concrete pipe, see U. S. Dept. Agr. Bui. 852, 
** Flow of water in concrete pipe," by 
F. C. Scobey. Out of print. 



air is compressed and expanded. To 
rid water of this air, valve-controlled 
openings are made in pipe lines at 
high points where air collects. The 
openings in irrigation hydrants which 
supply water to furrows are small and 
are readily clogged by sand, leaves, 
or other material, to exclude which 
sand traps and screens are inserted 
at suitable points in the pipe system. 
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In Installing the system, a line of 
pipe is laid about 2 feet below the sur- 
face from the feed main across the 
upper end of the orchard, and as each 
row of trees is passed a hydrant stand 
is inserted. If the ground has con- 
siderable slope, standpipes, 10 to 20 



pipe and hydrant is shown in Figure 
10. This differs from the other risers 
shown in Figure 9 in that it contains 
the valve by which the pressure and 
volume of water are controlled. The 
details of another type of standpipe 
are shown in Figure 11. 




8CAIX OF FCCT 



Fence. — ^ y Concrete Flume. - 

DMdfnyUne between crop*. Open Ditch .an.* 

f^oad. == Peach Tree 

^Contour Cherry Tree Q 

Fig. 8. — Irrigation layout for a portion of farm near Brigham City, Utah 



feet high, are introduced at regular 
intervals to develop the necessary 
spouting pressure while also confin- 
ing this pressure to safe limits. The 
spouting pressure delivers water at 
the head of each tree row where it is 
distributed to a number of furrows. 
An 8-inch concrete pipe with a hy- 
drant stand opposite each tree row, 
and a standpipe are shown in Figure 
9. Details of this hydrant stand are 
shown in Figure 11. An enlarged 
cross-section of a combination stand- 



METHODS OF IRRIGATING ORCHARDS 

THE FURROW METHOD 

Furrows are most commonly used 
in irrigating orchards. They vary in 
depth, length, and distance apart to 
conform to local requirements arising 
from the character of the soil and 
surface, the quantity of water used, 
and other conditions. The manner of 
distributing water to the upper end of 
each furrow likewise varies in accord- 
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ance with the efficiency of the irriga- 
tion system, the amount of money ex- 
pended, the skill used in installation, 
and the orchard's value and average 
annual profits. 

Expensive devices for distributing 
water into furrows are not warranted 
in orchards of little value and small 
annual returns. On the other hand, 
it may prove an economical investment 
to provide valuable orchards, yielding 
high annual returns, with the best- 
known devices for successful irriga- 
tion. Such equipment is unquestion- 
ably some forin of underground pipe 
fitted with suitable standpipes, such 
as have already been described, 

EARTHEN HEAD DITCHES 

Permanent ditches at the head of 
orchard tracts should be located by 



The chief difficulty in this mode of 
furrow irrigation arises in withdraw- 
ing water from the ditch and in dis- 
tributing it equally among a large num- 
ber of furrows. A skilled irrigator 
may adjust the size and depth of the 
ditch bank openings so as to obtain 
a somewhat uniform flow in the fur- 
rows, but its maintenance requires 
frequent attention. If the water is 
permitted to flow unattended for a 
short time, the distribution is likely 
to become unequal. Parts of the ditch 
bank become soft, and, as the water 
rushes through, the earth is washed 
away, permitting larger discharges 
and lowering the general level of the 
water in the ditch so that other open- 
ings may have no discharge. Some of 
the orchardists of San Diego County, 
Calif., insert in niches cut in the 
bank pieces of old grain sacks or tent 



Water Lgvel~< 



bivalve 




Fig. 9. — Use of underground pipe in furrow irrigation, showing riser and stand 



a surveyor. The proper grade de- 
pends chiefly on the soil. If the soil 
is loose and easily eroded, a slow ve- 
locity is best. On the other hand, the 
velocity must be rapid enough to pre- 
vent the deposition of silt and the 
growth of water plants. In ordinary 
soils, a grade of 2^ inches to 100 
feet for a ditch carrying 2 cubic feet 
per second is about right. The quan- 
tity of water to be carried varies from 
one-half to 2 or more cubic feet per 
second. A ditch having a bottom 
width of 24 inches, a depth of 6 inches, 
and sloping sides, ought to carry 1% 
cubic feet per second on a grade of 
half an inch to the rod or 3 inches to 
100 feet. Such a ditch may be built 
by either shovels or a narrow scraper. 
The loose earth likewise may be 
thrown up on the sides and top by 
means of an A-crowder. Metal tap- 
poons or other similar devices are in- 
serted in the head ditch to raise the 
surface of the water opposite that 
part of the orchard where furrows 
have been made and which is about 
to be watered. 



cloth. The water flows over these 
without eroding the earth. Another 
plan is to use a board pointed at the 
lower end and containing a narrow 
opening or slot through which the 
water passes to the furrow. Shingles 
are also used to regulate the flow in 
the furrows. The thin ends of these 
are stuck into the ground at the heads 
of furrows. In some of the orchards 
of Colorado the flow into the head of 
each furrow is regulated by a small 
gate, as shown in Figure 12. 

HEAD FLUMES 

Although earthen head ditches are 
still much used in conveying water to 
orchards, there are conditions in 
which they are either unsuitable or 
uneconomical, or both. Earthen ditches 
are unsuited to steep slopes or to 
porous soils. Even in medium soils 
the loss of water resulting from seep- 
age and absorption is too great wher- 
ever water has a high value. To econ- 
omize in water and facilitate its dis- 
tribution, a flume may be substituted 
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for the earthen ditch. The length of 
the sections of a wooden flume varies 
from 12 to 20 feet, 16 feet being the 
most common. The bottom width is 
from 6 to 12 inches, and the depth 
usually is 1 to 2 inches less. Red- 
wood lumber 1% inches thick is suit- 
able for the bottom and sides, although 
creosoted fir lasts longer; and joists 
of 2 by 4 inch pine or fir are com- 
monly used for yokes, which are 
spaced 4 feet. Auger holes are bored 
midway between the yokes and the 
flow through these openings is con- 
trolled by small metal gates sliding 
over the holes between grooves. A 




Fig. 10. — Stand used in distributing 
water to lurrows 

2-inch fall for each 100 feet may 
be regarded as a suitable grade for 
head flumes, but it often happens that 
the slope of the land is much greater 
than this, in which case low checks 
are placed in the bottom of the flume 
at each opening. Formerly many head 
flumes in southern California were 
built of concrete, but concrete pipes 
have been found more serviceable and 
there have been few installations of 
concrete head flumes during the past 
decade. An outline of the form of 
flumes of this type is shown in Figure 
13. 

For large head ditches and laterals, 
some fruit growers flrst sijiooth and 
grade an earthen ditch which has car- 
ried water for at least one season and 
afterwards line the inner surface with 
concrete. 

SHORT TUBES IN HEAD DITCHES 

Short tubes or spouts have been 
used in many of the head ditches of 



orchards to divert small quantities of 
water to furrows. These tubes usu- 
ally are made of wood; but pii)es 
made of clay, black iron, galvanized 
iron, and tin are used occasionally. 

For nurseries and young trees es- 
pecially, but also for mature trees, a 
cheap and serviceable tube may be 
made with ordinary pine laths. The 
4-foot lengths are cut into two equal 
parts and four of these pieces are 
nailed together to form a tube. In 
southern Idaho the lumber mills make 
a special lath for this purpose. It is 
one-half inch thick, 2 inches wide, and 
36 inches long. If such tubes when 
thoroughly dry are dipped in hot 
asphalt they will have a much longer 
life. 

The orchardist who lives near a 
manufacturing city often can purchase 
cheaply pieces of worn-out and dis- 
carded piping varying from three- 
fourths inch to 2 inches in diameter. 
Such pipes when cut into suitable 
lengths substitute satisfactorily for 
wooden spouts. Tin tubes one-half 
inch in diameter and of the proper 
length have been used with good suc- 
cess. In compact soils the furrows 
must be near together, and small tin 
tubes are to be preferred. 

In making use of tubes to distribute 
water to furrows it is necessary to 
maintain a constant head in the supply 
ditch. This is done by inserting 
checks at regular distances. These 
distances vary with the grade of the 
ditch, but 150 feet may be considered 
an average spacing. In temporary 
ditches the canvas dam is perhaps the 
best check, but in permanent ditches 
it pays to use wood or concrete. An 
effective wooden check is shown in Fig- 
ure 14. The opening is controlled by 
a flashboard which may be adjusted so 
as to hold the water at any desired 
height and at the same time permit the 
surplus to flow over the top to feed 
the next lower set of furrows. 

IBBIGATION FURROWS FOR ORCHARDS 

The length of furrow is governed by 
the irrigation layout. Past practice 
has generally countenanced furrows of 
excessive length. A square 10-acre 
tract was considered a convenient sub- 
division because it formed a unit of 
the standard land surveys. After de- 
ducting the width of farm lanes, the 
length of furrow in such a tract ex- 
ceeded 600 feet. This has proved to 
be too long for efficient irrigation in 
ordinary soils, and many orchards 
have been subdivided by a head ditch, 
flume, or pipe at their mid points, so 
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reducing the length of furrows to 
about 300 feet. Where the soil is 
porous, the division of a 10-acre tract 
into three equal parts, reducing the 
length of run in each 200 feet, may be 
advisable ; but in heavy soils, through 
which water passes slowly, a furrow 
length of 600 feet may be preferable. 

The grade of furrows varies widely. 
In flat valleys it often is not possible 
to obtain a fall greater than 1 inch to 
100 feet, whereas on steep sloi)es the 
fall may reach or in some cases greatly 
exceed 2 feet per 100 feet. On ordi- 
nary soils a grade of 4 to 6 inches to 
100 feet is to be preferred, and where 
the slope of the land exceeds 2 feet in 
100 feet the trees should be set out in 
such a way as to reduce the grade of 



row with a furrow on each side, and 
cross furrows are then made 2^ to 3 
feet apart (fig. 17). 

A common type of furrowing imple- 
ment is shown in Figure 18. It con- 
sists of a sulky frame to which are 
attached two double moldboard plows. 
A somewhat similar implement known 
as the "Montrose marker" (fig. 19), 
is used for furrowing orchards in Col- 
orado. It will be noted that the blades 
of the furrower have a barbed or 
hooked shovel fastened to their bottom 
apex, the purpose of which is to shape 
the furrow while the wings form the 
banks. 

Those who prefer a small number 
of deep furrows use a 12 to 14 inch 
corn lister. A single-blade furrower 




Fig. 11. — Design of concrete pipe and stand system for orchard irrigation 



the furrows. The soil erosion shown 
in Figure 15 is a result of too steep a 
grade. 

The number of furrows and their 
spacing depend on the age of the trees, 
the space between tree rows, the grow- 
ing of cover crops and intercrops, the 
depth of furrow, and the character of 
the soil. Nursery stock and young 
trees are irrigated by two furrows 
(fig. 16). 

As the trees grow and the roots ex- 
I>and, more furrows should be added. 
For citrus and deciduous orchards in 
bearing, four or five furrows between 
the rows are common. For wide- 
spaced walnut trees a ridge is some- 
times made in the middle of the tree 



used by some of the orchardists near 
Canon City, Colo., is illustrated in 
Figure 20. 

RUNNING WATER IN FURROWS 

It is diflacult to supply the needed 
moisture to the tree robots of an or- 
chard by means of furrows. In in- 
creasing the lateral spread of the roots 
by the lure of moist soil, it is also pos- 
sible to increase the depth. The ob- 
ject of the grower should be to pro- 
vide the largest possible feeding 
ground for the roots. Furrows paral- 
lel to the tree rows are adapted to 
young orchards, but when the trees 
reach maturity their branches occupy 
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more of the open space between the 
rows and prevent the making of fur- 
rows near the trees. This is shown in 
Figure 21, where a space with the tree 
row in the center is not furrowed. 
This space, which is 6 to 12 feet wide, 
depending upon the size of the trees, 
usually becomes so dry that it is 
worthless as a feeding ground for 
roots. To moisten such dry spots, a 




Fig. 12. — Small wooden gate used to 
control flow in furrows in orchard 
irrigation in Colorado 



larger stream often is carried in the 
two furrows next to each row of trees, 
and the surplus is led across furrows 
(fig. 22). Instead of continuing 
straight and cross furrows, as illus- 
trated by Figure 22, use frequently is 
made of diagonal furrows to moisten 




Fig. 13. — Use of low check in head 
flume 



the dry space between the trees. This 
method is best adapted to grades of 
5 inches or more per 100 feet. 

In one method the implement used 
to make furrows consists of three 
shovels attached to a beam, which is 
mounted on a pair of low wheels. 
The driver, who sits on a riding seat, 
by operating a lever can regulate the 
depth of the furrows. A man and two 
horses will furrow out 10 acres in a 
day. For 150 feet from the top of the 
orchard the furrows are straight. 
They are then zigzagged to within 60 
or 70 feet of the bottom, where the 
last three rows of trees are irrigated 



by basins which catch the surplus. 
In the case described the depth of 
furrow was 6 inches, length 800 feet, 
and distance apart 3 feet. A head of 
1 cubic foot per second was used on 
10 acres. The streams when first 
turned into the furrows averaged 
about one-twenty-fifth cubic foot per 
second, but as the water approached 
the lower end they were reduced to 
half this quantity or less, and this 
flow was run in each furrow for 12 
to 24 hours. 

Furrow irrigation varies with top- 
ography, soil, water supply, and other 
conditions. In Yakima County, Wash., 
most furrows in mature orchards are 
3% to 4 feet apart and are about 8 
inches deep. Water is allowed to run 
in the furrows from 12 to 48 hours, 




Fig. 14. — Wooden check in head ditch 



the longer time being required for the 
heavier soils, for long runs, and for 
very steep slopes of furrows. 

In the Payette Valley, Idaho, 4 cubic 
feet per second are turned into the 
head ditcli and divided among 200 
furrows by means of wooden spouts. 
On steep ground much smaller streams 
are used. The length of the furrow 
varies from 300 feet on steep slopes 
to 600 feet and more on flat slopes. 
The time required to moisten the soil 
depends on the length of the furrow 
and the nature of the soil. In this 
locality it varies from 3 to 36 hours. 

A 20-acre orchard tract under the 
Sunnyside Canal in Yakima Valley is 
watered four times in each season with 
one-third cubic foot per second. Three 
furrows are made between the rows, 
which are 40 rods long. The total sup- 
ply is applied to one-half the orchard 
(10 acres) and kept there 48 hours. 

On the clay loams of the apple or- 
chards on the east bench of the Bitter- 
root River, Mont., it requires from 12 
to 18 hours to moisten the soil 4 feet 
deep and 2 feet laterally from furrows. 



OKCHAKD lUlUGATION 



15 



An orchard ist of Hood Kivor, Ovej;., 
irri.uatcs It neres of apple troo.s in fur- 
rows 3ri() feet long, si)ace*l 3 feet apart. 
About oue-fiftietli eubie foot i>er second 
of water is turned into each alternate 
furrow from a wooden head llunie and 
kept there ahont 48 hours. After the 
soil has become dry enough it is cul- 
tivated, and 8 or 10 days later water 
is turned into the row« wliieli were left 
dry dnrins tlie first irrigntitai. 

A eoninion met hod of furrow irri- 
pntion in the orchards of the foothills 
of the Sierra* in Flaccr County, Calif., 
in to run one furrow down the steepest 
f;lope for each row of trees, curving? it 
iironnd each tree in the row in the 
inanuor illustrated by Fit^nro 2*>. Or- 
dinarily the Icnjrtli of the furrows is 
not more than 000 feet and waiter is 
allowed to run in i*ach from 24 to 4S 
liour.s every two weeks. Occasionally 
furrows are located on a curred water 
grade, but this nu'tliod inrolres fh# 
risk of a furrow becoming clojcf^ed 
so that the water breaks its bank and 




ric. 13. — Soil no.siou in furrown on too 



also the banks of the lower furrows of 
the series, rcsidtinp: in soil erosion. 

Furrow irrii^ation in orchards hav- 
ing: the trees planted on curved water 
gradeii diftVu's in sonn^ resi)ectK from 
that of orchards planted in stpiares or 
triangles on tlatter land. On acccmnt 
of the steepness of the planted slopes 



and the damaije which uncontrolled 
water is likely to dt), head ditches in 
earth are not safe. l*iix"s, lined 
ditches, or flumes should be n.sed. 
Shorter furrows are also dc^sirable. A 
leui^th of 800 feet in the lighter soils 
and 400 feet in the lieavier soils 
should rarely be exceeded. In shallow 




IG.- -Furrow UTLiijitiini of youug 
orchard tr<'f» in Idaho 



soils underlain by a more iinprn'vious 
soil stratum, water tends to move down 
the slope on top of the layer of subsoil, 
and this nuwement lessens the num- 
ber of furrows required. The quantily 
of water turned into each furrow va- 
ries wid(4y, Sometimes it is limited 
to one-half i^allon per minute. At 
other times on e- 1 i ft ictli cubic foot i)er 
second may imt be too much. The 
usual practice is to turn a compara- 
tively lnr.'^',c quantity into each fur- 
row. When the water has about 
reached the lower end the tlow is re- 
duced, the purpose being to regulate 
the sub«e(iiient flow in such a way 
that it will be ecpial to the water ab- 
sorbed by the soil over the length of 
the furrow. 

nrsTKUtUTiox or water fhoai i-tiuiows 

In furiow irrigation the small 
stream which flows in each furr(»w is 
absorbed by the noil in its 
from the upper to the lower end. On 
account of the a<-ti<ni of gravity tha 
distance water penetrates downnrard 
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ill a uniform is jrroator tlinii tliat 
j^itlcwiso. lv<»n^ furrows iu i)()rous 
soilfe? wasto niucli \\n\vr hy deep por- 
folatioii in their uppor loutflliis. Au 
oxiK'riiiuMit: at Kiversiile, Cnlif., por- 
iiiittcd a i^tudy of distrilmtion of water 
from furrows in several lO-acre 
oranj;e groves. The trees were about 
]() years old and spaced iu squares 
20 to 22 feet apart. IJiuler favorable 
subsoil couditiouis, tlio Imlk of the 
roots wore found nh<»ve thfe 4-foot level, 
but a limited number exteuded be- 
yond the sixth foot. On one tract of 
sandy-loam soil the pereolatiou of 
water downward from furrows (\{\{) 
feet louj^ was 2(; feet near the upper 



a.s shown in Figure 25: hut on flat 
land as many as 25 trees may ho in- 
eluded, the uuiuber depending on tlio 
Kpacinjc of the troo^-, tliie i«!ope of tlio 
tract, and the head of wat^r. If the 
trees are spaced 24 feat apart and 
the land sloi)e.s- 2 inches in this dis- 
tjiiice, only one tnn* should be inclos<Ml. 
On the other hand, if the mnxiinnni 
slope is not much more than 2 inches 
in 4S feet, four trees may be incloscMl. 
Similarly, if the trees are spaced 20 
feet ajmrt aud the slope does not ex- 
ceed 2V2 imhQM iu 100 feet, 2.5 trees 
may be iucludt^d iu one basin. The 
larirer the basiu the larsyer tlm head 
of water rortuired. A luiid of 1 to 2 




i'ross furrows iu walnut j;rovt.' 



end and 4l>> feet near the lower oiul. 
After di!L;i;ini; trenches across the fur- 
rows and by-pa.ssiuf? the How, the rate 
of moisture penotrat^ioii eouUl be ob- 
served and recorded. The distribu- 
tion of Avater from furrows betw©tMi 
four rows of trees of au oivhard cou- 
tainiiij^ somewhat typical ssoil and sub- 
soil coudicioHs is shown iu Figure 24. 

THE BASIN METHOD 

ThiK uiethod of in-ijjcatin.i; orchards 
planted in f<quar#s is well adaptcnl to 
li^dit and nn?diuui soils on rather Hat 
s«loiK».^ AVhere fairly ]arf,'o liead^ of 
water are available. The most co'ui- 
inou practice is to inclose each tree 
in a basin formed hy throwinjc up a 
ridyfe around the rectans,^nlar iuclosure, 



second-feet is the best for small basins, 
but H to 4 second-feet arc needed for 
the hiri;c ones. 

Karthen head ditches, wooden 
Humes, or underground-pipe systems 
may be used to distribute the water 
to the basins much a§ for furrow ir- 
ri.i^ation, except that the number of 
<mtlets in basin irritcutioii is necm-- 
sarily considerably less. One outlet 
may readily he made to serve two 
tiers of basins by makin.i;' th(^ open- 
iii.e: at the common corner, althcuirh 
some frrowers provide an outlet for 
each tiar. 

Several kinds of imi)lements arc 
umi\ to make rid{res. If thii grower 
ha.s nothing better, a Single nnild- 
board i>l(»w having a sheet of nu»tal 
fastened to the top to keep the earth 
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from spilling over, will «ins\Yer the 
purpose. An adjustable liome-macle 
ridger is shown in Fipjure 2(>. It eon- 
sists of two deep ninners 14 to 18 
inehes' high, 2 inches thick, and C to 
8 feet long. These ruinierji are shod 
with steei which extends part way 
up the innor side. They are 4 to 5 
feet apart at the front end and taiwr 
to 16 to 24 inches at the rear. The 
runners are bold In position by eros.'^- 
pieces on top, a floor, and straps of 
steel. 

In UKHiy of the larger orchards, 
tractors now do much of the work 




KiG. IS. — Making furrows la orcliard 



formerly done by hors«s and mules. 
This change in power lias necessitated 
corresponding elianges in equipment. 
A ridger operated by a tractor is 
shown in Figure 27. It was designed 
by a fruit grower of Cupertino, Calif, 
and consists in the main of a heavy 
frame of plow-beam sections, two 
wheels, two disks 2G inches in diam- 
eter, a set of levers, and a seat for 
the operator. The implement weighs 
over GOO pounds and costs $200, A 
reversible disk harrow may be made 
to serve the same purpose. 

The form and ;-ize of the ridges are 
inlluencod by the implement making 
them. They should be large enough to 
retain the re(piired depth of water. 



A ridge o feet wide at the base and 
14 inches high should hold water to 
a depth of 7 inches. 

The University of California has 
demonstrated by experiments at Davis 
that basins may he adjusted to meet 
the water reciuii-ements of young 




ViiS. li>. — The Moiitruso niai-kor usod hi 
making furrows iu Colorado orchards 



trees. Stated in another way, basins 
may be so formed as to irrigate only 
a little more than the soil of the root 
zone. This practice is similar to the 
use of a small nnmhftr of furrows iu 
the irrigation of immature trees by 
the furrow method. In the sketch 
(tig. 2S) 3-year-old prune trees planted 
24 feet each way are irrigated by 




Fig. 20. — ImyltMiieiit used by ortiiardists 
of Canon City, Colo., tu making fur- 
rows 



basins each IG by 24 feet, thus leav- 
ing a dry space 8 feet wide in the 
center between the tr©e rows. On 
the basis of cost of water and all 
operations conntK^ted with its apirtica- 
tion, this method saved 20 per cent of 
the expenditure rcvpiired for the com- 
plete irrigation of the orchard tract. 

Water may be applied to basins in 
any one of tliree ways. One way 
allows the water to How tlirough the 
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I»;isiiis until the lowest is reju-Iiod. 
This is JiIUmI hrst; it is then closcMh 
the next l()^v(»st is h'hed, and the ])roe- 
ess coiitiniied until the hasiii adjaceid 
to the iKS'Kl diteh is roaclKMl and lillcMl. 




mm 



Kui. HI. — Furrow iiri.ijjatiuii, showing 
dry spaces 

Jn anothor way thv proeedni-e is re- 
versed h.v lilliiij^ the liiirhest l)nsin 
lirst and allo^Yin^r the excess water 
to spill over into i\w second, and so 



hnsin.s tirst. A^Min, those who ohjeet 
to the inconvenience and difhcniiv of 
irri.:,^atin.i; on wet gronnd, strive to 
keep their I'eet dry hy hejiinnin^ at 
the top tier of basins and working 
<l()wnwnrd. 

A eonnnon distance to run water 
in hasin irrigution is 210 fe<'l, or a 
h'n.mii of 30 trees 21 feet apart. A 
head of three-foui'ths secoml-foot is 
ahont tlH» sin an est how tliat ran he 
nsed to advanla.ue in such a cas(\ 
Heads of 1 to 2 second-feet nvo i)r<'f- 
ei-ahle, and where ei.i;'ht or nioie trees 
are inch)s(Ml within a sini;Ie Iwisin a 
<liscliarj;'e of 3 seeond-fut't is not too 
Iar;re. Flood<Ml hasfins are yliowu in 
Fi.::nre 2J). 

After an irrijLrati<»ii and jtrior to 
cnltivalinj; oi' seedinji: ^o a cover croj), 
the ridji'es are leveled or ''hroken,'' 
as the i)roc(^ss is termed. This reduc- 
tion to tli<» ori3y:inal flat surface may 




Kii:. 22. — Checlv-back furrow irrigatiou in citrus orchard 



on until all are filled. Jn both of 
these tho upper basins receive more 
than an equnl ^lifire, and it was to 
remedy this defect that the third way 
was devised. In this, water is run in a 
ditch between every two basins and tlie 
tlow' is admitted to eneli basin in turn 
mitil all are hlled. 

S<mietimcs the grower is confronted 
with conditions which cause him to 
adopt a particular method. This 
happens when tlioi-e is liaidpnn or 
other imixM-TioussS SJtrnfnni bf»low the 
surface soil. Under Sueli conditions 
it is best to btigin to till the upper 



be effected by a sin.u:le horse-drawn 
plow, a disk, or a spike-tooth ha now. 

THE SPKIKKLlltG METHOD 

During'- the ])ast 15 years truck 
crops, and to a l(\ss extent <trchards, 
jrr(>wn in several of the Atlantic Coast: 
States have been ii-ri^^ated hy the 
.spray method.*' Since 1922, modified 
forms of the same method have been 
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us(»d ill inij^atiuj? citrus oreliai'ds in 
several localities in California. Most 
of the sprinkling is dono there 
in eii-eles of varying diameters, from 
a si)rinklinj? bead, fixed or rotary, in 
the center of each. Water is supplied 
from i)ii)cs under pres.snre. Installa- 
ti( lis are said to he either permanent, 
portable, or scniiportable. In the per- 
manent tyi>c, small piping is laid 
underground along every second, third, 
or fourth tree row, or, sometime.'^, 
either midway between the tree rows 
or aloiif? the edge. Vertieal pipe.s or 
" risers " with a sprinkler attached to 
the upper cud of each are installed 



of the riser. The circular spray from 
this type covers inu^ h less ground than 
that from the rotating head tvpc. 

The iiutial cost (ll)2o) of installing 
these systems, exclusive of the eo«t of 
the pumping etpiipmeut necessary to 
produce the required pressure, is ap- 
proximately $.*500 per acre for the 
i)ermaneiit type, $00 for the semiport- 
able, and Jj^GO for the portable. 

WATER REQUIREMENTS OF ORCHARDS 

The experience gained by many 
wcst(»rn growers duiiug the last 25 
years over a huge and diversified 




Fio. 2:^. — Kunuw tiirvod aruuiul U\h\ illustnitiiij; pnicticc* in foothill orchards 



at equidisitaiit points on each pipe 
line. Kaeh rifter has a valve to regu- 
late the pressure and a strainer to 
catch .^cdiinciit or pipe scale. 

To lessen the lirst cost of installing 
the many risers and to reduce the 
number of pipe lines, portal)le risers 
attached to short lines of hose may 
be used, this arrangement constituting 
the so-called poi'tiU)le system. 

The semiportable ^vstem usually in- 
volves laying a pipe line along every 
sixth tree row and installing risers 
and garden hydrants at every sixth 
ti(^o. In other cases a pcrni.-incnt feed 
pipe is laid through the middle of the 
orchard, and hitcral pipes on the 
gi'ound surface convey the water to 
portable hydrants. 

Two tyiM\s of sprinkling heads are 
manufactured. The so-called *' solid " 
head is a perf*)ratod cap of brass alloy 
which is screwed tightly into the top 



territory has established the belief 
that there is a clos(^ relation between 
irrigation and the sixe, (]nality. yield, 
and counnercial suitability of fruit. 
In most localities whert* fruit growing 
is an imi)ortaiit part of farming, the 
rainfall is too scanty to produce the 
most profitable yield. It may .«iuthco to 
nourish young trec^s, hut when they 
begin to bear marketable crops the 
natural water supply needs to be Rup- 
plenientod mainly because of the in- 
creased transpiring surface of the tr(H\ 
Many orchards have been planted in 
tli(^ belief that irrig.-ition would not be 
necessary ; but the small si/.e of the 
fruit, couphMl with the low yields, have 
convinced the growers that the rain- 
fall dhl not fui-uiash adequate iOil 
moisture. Ou the other band, the 
writer does not know of even one 
orchard that at first was irrigated 
which afterwards depemled upon the 
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natural precipitation alone. With few 
exceptions, the quantity of fruit pro- 
duced, its quality as judged by the 
shipper and consumer, its suitability 
for canning and drying, and the regu- 
larity of bearing, are influenced favor- 
ably by the proper use of irrigation 
water. The exceptions to this general 
condition occur usually when too much 
water is applied, when the soil is 
watered at the wrong time, when the 
distribution of water is uneven, or 




Fig. 25. — ^Basin method of irrigation 



when through lack of proper control 
the water table rises into the root 
zone. 

The water requirements of orchards 
are influenced by a score or more of 
conditions chief of which are climate, 
soil, age of trees, intercrops, and cover 
crops. As regards climate, tempera- 
ture and intensity of sunlight deter- 
mine the quantity of irrigation water 
which must be applied to supplement 
the natural precipitation. There is 
sufficient rainfall in some localities for 
small trees. For years not much irri- 
gation was practiced in the deciduous 
orchards of Santa Clara Valley, Calif. 
Here the normal rainfall is about 16 
inches on the floor of the valley, with 
more on the foothills. However, as 
the trees became larger, the need for 
water increased, and at present per- 
haps 90 per cent of the orchards are 
irrigated. The fruit growers of Rogue 
River Valley, Oreg.', have had a similar 
exi)erience. At first they got along with 
about 20 inches natural precipitation, 
but in the last few years no less than 
six irrigation districts embracing a 
total area of 40,000 acres have been 
organized to finance development of 
supplemental supplies. 

Temperature is also an important 
factor, the growing season being rela- 
tively short in the colder parts of the 
West and the demands of trees for 
water correspondingly low. 



Soils on which orchards are planted 
range from the gravelly loam to the 
heavy clays. The former, because of 
their low retentive capacity and the 
readiness with which water passes 
through them, require more water than 
the latter. 

The roots of young trees are con- 
fined to a much smaller area than 
those of mature trees; but, in grow- 
ing intercrops and cover crops, a 
double duty is imposed on the soil 
of the orchard and the water require- 
ments of the tract greatly increase. 

The water use per acre as fixed by 
water contracts varies all the way 
from one-fortieth to one-four-hun- 
dredth of a cubic foot per second. In 
general, the most water is applied 
in districts that require the least. 
Wherever water is cheap and abundant 
the tendency seems to be to use large 
quantities, regardless of the require- 
ments of the fruit trees. In Wyoming 
the duty of water is seldom less than 
a cubic foot per second for 70 acres. 




Fig. 26. — ^Adjustable home-made ridger 



In parts of southern California the 
same quantity of water not infre- 
quently serves 400 acres, yet the quan- 
tity required annually by the fruit 
trees of the latter locality is greater 
than that of the former. 

On the Sunnyside division of the 
Yakima Irrigation Project, Wash., in 
which nearly 15 per cent of the total 
area is in fruit, the average monthly 
use of water on all crops for a nine- 
year period (1916-1924) was, in' acre- 
feet per acre, 0.3 in April, 0.58 in May, 
0.57 in June, 0.6 in July, 0.61 in 
August, 0.4 in September, and 0.2 in 
October, making a total seasonal use of 
3.26 acre-feet per acre, which, with 0.22 
acre-feet of summer rainfall, increased 
the water use to 3.48 acre-feet per acre. 
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On tlio Tioton division of the same 
project, \vitli more tluui halt its area 
in truit, less water is used. The 
monthly averages in aere-feet i>er acre, 
for the »Hinc year were 0.00 in April, 
0.5 hi May, 0.40 in June, 0.51 in July, 
0.53 in Aui^ust, and 0.30 in September, 
or a total of 2.45 aere-feet, which, with 
0.17 acre-feet of summer rain, mad(» a 
season's use of 2.02 acre feet i)er acre. 
In both the divisions cover crops were 
jirown ill most of the orchards. 

In 1008 the depth of water used on 
a 21V-j-aere ai)ple orchard at Wenat- 




l ui. JT i:i'V.:«i • poratcd by tniclor 



ehee, AVash., was 2:\ inches. The trees 
were 7 years old and produced heavily. 
This orchard was wat(>red live times, 
the* iirst ou May i:i and the last on 
Septemb^jr 2S. Jn San Diego County, 
Calif., 12 to 15 acre-inches per acre 
are used to irrijrato citrus ort-lmrds i 
near the eoast whm-e the air is cool 
and evai)oralion low, but 20 miles or I 
Ko inland 20 to 24 inches are required. 

On the sandy loam orchards of 
Oranjre County, Calif., an averaj:e 
practice calls for about 4 acre-inches 
of water every 00 days. The rainfall 
of this lotmlity averages somewhat j 
les-ift than 32 inches jjer annum, but I 
about 05 per cent of the total falls be- 
twcMr^n November and ^fay, inclusive. 

Over 1)0 per cent of the water supply 
of the Temcscal Water Co. of River- 
side County, Calif., is pumi)ed from 
wells. Table 5 shows the yearly (]uan- 
tities of water per acre which this 
Company delivered to the citrus jrroves 
at Corona, Calif., during each of the 
years named, the length of the irriga- 
tion season, and tho interval between 
water deliveries. 



Taui.e 5. — Quant'itif of irafcr (Iclircrvd 
Vrat'ly by Taneacaf Water Co., CaU- 
foniifi 
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INTERCROPS 



Tntereroi)s, or < rops ^'rowu b(*twecu 
the rows of nonbeariiig trees, and 
<'over crops, or those grown to fertilize 
and imin-ove the .soil, influence the 




5CCTI0N BCTWeCN TRCC ROWS AanpB 



2^.^ — P.asin inigatiuii of young 
trees. J )oiil)le-nile(l a reus irrigated, 
s?iDL;k' -ruled areas dry 

(jnantity of water used on orchards, 
the frecpiency with which it is applied, 
and, to a less extent, the method used 
in wtting the soil. Years ago the 
clean culture of orchard* had many 
advocates, esii>eciallf in California. 
O'hey reimrdi»d fruit S!:rowiu.2: aS a long- 
time investment involving heavy out- 
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Inyst until the treos bejrau to bear. 
The anticipated later prutit?; \?ere snp- 
posed to eoniiHjnsate for the infervcu- 
inj? lean j-ears. 

The exi)erionce gained in the last 
decade ha^ convinced most growers 
that iutoif i-ops may be c^rown in youn.ij: 
orchard^ with prolit to them and with- 
out injury to the trees, providing 
cover crops take the place of inter- 
crops before the trees pT(»duco in qunn- 
tity. The adoption of this plan is de- 
IHMident upon an ad#quafo and reason- 
ably cheap water supply. AVhere 
water is scarce and costly intercrops 
may not pay. 

Intercrops are usually irrigated in 
furrows, the quantity of water ap])lied 



and less frequently aftw tho fruiting 
l)eriod, strawberries requiring fre- 
quent irrigations. The seasonal appli- 
eatiun is largo but the trees have not 
been injured by it. The usual mcthotl 
of irrigating intercropped stra\? berries 
is shown in Figui-e iU. 

In \'akima VaUey, AVasb., inter- 
cropi)ing in young orchards is the gen- 
eral practice; corn, alfalfa, potatoes, 
squash, and melons l)cing the inter- 
crops most eonnnonly i)lanted. The 
quantity of water applied is adapted 
to the needs of the intercrop, rather 
than the trees. 

The intercropping of peach and 
cherry trees for three to four years 
and of apple trees for tive to six years 




tlUdiiiiiiT' ' 



and the fre(pu'ncy of irrigation de- 
pending on the kind of cri>p, sununer 
rainfall, and character of the soil. 

In Hood Kiver Valley. Oreg.. the 
practice for years has been to grow 
jstrawb«»rri4*« b»tw(Mtn the row* of nou- 
beariuii: ai)ple treses. The berries are 
rdanted in rows IM) to inches apart 
and .spaced l-t to IS inches in the row, 
all runners being cut off as they ap- 
l)ear. In some eases a row of straw- 
l)crries is i)lanted in the tree row. 
Tln^ usual life of strawbt^rry plants is 
four to five years, and when .set out at 
the same time as the trees thty la.«t 
imtil the treeS; bogin to bear, which 
marks tht end of the intercropping 
period. The lir?;t irrigation follows 
the last spring rains, and light water- 
ings are api)lied thereafter twice a 
week throughout the picking seast)u 



is common practice in Box ladder 
County, T'tali, and does not aiipear to 
be injurious to llie trees. Tomatoes 
grow well hi that locality and they 
are wmhI fi-eiiuently a:^ An infurcrop. 
Five rows of tomatoes are grown in 
the tree ^pace: but. when the trees 
ap])roach bearing age, beans are al- 
most the only crop pljinted because of 
their partial innnunity from the in- 
jurious effect of sbade. 

In San Jt)a(pnu Valley. Calif., four 
to six rows of cotton ar(^ planted be- 
tween the rows of young trees with 
highly satisfactory ressults, and the 
trees «ee!u to do well. 

In Orange County, Calif., six to 
eight rows of I.inm beans are plftnted 
l)(4ween the rows of citrus trees and 
the same intercroj) is preferred by the 
owners of young walnut orchards. 
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COVER CROPS 

The purpose of growing cover crops 
in orchards being to increase the or- 
ganic ingredients of the soil and inci- 
dentally to increase the water holding 
capacity of the soil and improve its 
texture, they differ from intercrops in 
usually being planted in bearing or- 
chards, and the roots of trees and 
those of cover crops have a common 
feeding ground. Accordingly, care and 
good judgment should be exercised in 
preventing, in so far as is practicable, 
competition between the roots of cover 
crops and those of the trees for the 
common supply of moisture and food. 
As for moisture for cover crops, ad- 
vantage is taken of the winter rain- 
fall and high winter temperature of 
the Pacific Coast States to plant in 
the fall and turn under the crop in 
the spring in time for the most active 
stage of tree growth. In Yakima Val- 
ley, Wash., most of. the light yearly 
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Fig. 80. — Quantity Of water, by years, 
used per acre under Gage Canal in 
Riverside County, Calif, 

precipitation occurs in winter, and 
cover crops of alfalfa, sweet clover, 
red clover, and vetch are grown. In 
many orchards of California and the 
Southwest, vetch and melilotus are 
favorite winter cover crops. Vetch is 
planted in September in central Cali- 
fornia while the weather is still warm 
and the deciduous trees are approach- 
ing dormancy. It makes a rapid 
growth, particularly in March, and 
is turned under while green. The or- 
chard is then clean-cultivated and ir- 
rigated throughout the irrigation sea- 
son. It receives a light irrigation in 
the fall before the vetch is seeded, 
but thereafter gets only the winter 
rainfall until the following spring. 

In Santa Clara Valley, Calif., where 
basin irrigation is practiced, melilotus 
is planted on the floor of each basin. 
Then the basins are irrigated to germi- 
nate the seed. Vetch is sown on the 
ridges of the basins and both crops 
are plowed under in the spring. 



Formerly the clean culture of or- 
chards without cover crops was quite 
generally practiced in the Rocky 
Mountain States, but this resulted in 
a depletion of the vegetable matter in 
the virgin soil, a falling off in the 
yield of fruit, and the formation of 
a hard and lifeless top soil. The 
growers first thought of alfalfa as a 
remedy, and it has become the most 
common cover crop there, as in the 
Northwest. However, there are objec- 
tions to its use for this purpose. Be- 
cause of the long time it takes alfalfa 
to mature, the readiness with which 
it can be handled as a hay crop, and 
the diflScuIty with which it is eradi- 
cated, the grower is induced to main- 
tain a permanent sod in his orchard, 
so depriving the soil of the fertilizer 
it would receive, were the crop turned 
under. The better practice is to alter- 
nate alfalfa or clover with clean cul- 
ture during biennial periods. In Colo- 
rado, rye, , winter oats, and hairy vetch 
are sown in the fall and plowed under 
in the spring. According to Vaile ^ 
the use of winter green-manure crops 
in citrus groves in California increased 
from 40,000 acres in 1914-15 to 100,000 
acres in 1910-17. 

Hodgson^ says that "the cover crop 
is unquestionably of considerable 
value where a reasonable tonnage can 
be grown without competing with the 
trees " for either nitrogen or water. 
Where the smallest quantities of ma- 
nure were used, the cover crop in- 
creased the yield about 20 per cent. 
Where the largest quantities were 
used the least effect from the cover 
crop was an increase in yield of 6 
per cent. 

TIME AND FREQUENCY OF IRRIGATION 

The time and frequency of fruit- 
tree irrigation depend primarily on 
the soil-moisture conditions within 
the root zone. The depth and spread 
of the roots is of importance in this 
connection. Little or no available 
moisture may be found in the top 
foot of soils supporting a vigorous 
tree growth. This is particularly true 
of some localities in the Southwest 
where the summer temperature is 
high and the evaporation excessive. 

It is diflScult to determine the lower 
limits of root zones, especially in deep 



'Vaile, Roland S. a survey of 
orchard practicels in thd citrus in- 
dustry of southern california. p. 19, 
Univ. of Calif. Coll. of Agr., Agr. Exp. 
Sta. Bui. 374. 

^ Hodgson^ Robert W. fertilizing 

CITRUS trees in CALIFORNIA. P. 1.5, UniV. 
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subsoils of good toxtiiro. Invostigut' 
ors have been lod astray by assnniiiig 
a depth of roots of, say, 0 feot, and 
basing conclusions thereon, where as 
a matter of fact a HinnU number of 
the leading roots may have penetrated 
the soil to twice and three times this 
distance. 

Although the time of applying; water 
is governed by tlie quantity of soil 
moisture in the root zone, it does not 
follow that this moisture content 
should be constant so long as moisture 
available for the tree's u^e is present 
in the soil. The sfeueee^ssful grower 
tries to jjauge the (luautity applied 



ing with straw and other materials, 
protection by means of windbreaks, 
and a reduction of leaf area by mod- 
erate spring pruning." 

{Some diseases of orchard tre«.^ may 
be controlled in a measure, and fre- 
(piently an injury prevented, by judi- 
cious irrigation. Thus, the fall and 
winter irrigation of walnut groves has 
sometimes been an effective means of 
forestalling die-back or the death of 
top branches. 

Soil tubes and other equipment de- 
wguod for thtt determination of »oil 
moisture should Ik? more generally 
used in valuable orchards. I5y means 




Fio. ol.— Irrigation of stfawborrios in young ordianl 



and the interval between waterings 
to the need of both trees and *oils. 

There a elote relation between 
irrigation and certain unfavorable 
weather condition*. The effect on 
winter killing is discussed elsewhere 
in this bulletin. The June drop of 
navel oranges is often attributed to 
a lack of soil moisture*. Coit and 
Hodgson," for example, conclude that 
** practical means of amelioration lie 
in heavier and more frequent irriga- 
tion, the planting of intercrop^, mulch- 



"CoiT, .T. KuoT. and IIoDfisox, Robert 

IV. AX IX\'ESTl<IATION OK TUB AUNOltMAL 
.SriEm>IXG OP YOUXG FllKITS OP TMK WASII- 

iXKTox XAVKij oijaxukS. Agi*. Scioiiccs, 
Vniv. of Calif., y^l. No. 11. 



of a soil tube a sanq)le of soil can be 
obtained at any reasonable depth, nud 
if file Sample be weighed and oven- 
baked, Us moisnire content can readily 
be found. Thi.% re<iuireS no extraordi- 
nary skill, and the results are much 
more reliable than mere guesses. 

The best orchardists believe that 
frequent examination of the stem, 
branches, foliage, and fruit Is not 
enough. The roots and soil should 
be examined also. The advice to the 
inexperienced is : Find out where 
most of the feeding roots are located, 
ascertain the nature of the soil around 
them, and make frequent tests of the 
moisture it contains. 
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Many fruit growers do not turn on 
the irrigation stream until the trees 
begin to show signs of suffering, such 
as a slight change in color or a slight 
curling of the leaves ; but waiting for 
such signals of distress is likely to 
cause injury to both trees and fruit. 
On the other hand, the application of 
large quantities of water whenever it 
is available is likely to be even more 
harmful. 

For nearly half the entire year the 
fruit trees of Wyoming and Montana 
have little active, visible growth, 
whereas in the citrus districts of Cali- 
fornia, Arizona, and Texas the growth 
is continuous. The quantity of mois- 
ture evaporated from both soil and 
tree in winter is relatively small be- 
cause of the low temperature, the lack 
of foliage, and feeble growth. A 
heavy rain which saturates the soil 
below the usual covering of soil mulch 
may take the place of one artificial 
watering. The numt)er of irrigations 
likewise depends on the water-holding 
capacity of the soil. If it has low 
moisture capacity, light but frequent 
applications will produce the best re- 
sults ; but if its capacity is high, heavy 
applications at longer intervals are 
best. 

In the Wenatchee fruit-growing dis- 
trict of Washington the first irriga- 
tion usually is given in April or early 
in May. Then follow three or four 
waterings at intervals of 20 to 30 days. 
At Montrose, Colo., water is used three 
to five times in a iseason. At Payette, 
Idaho, the same number of irrigations 
is applied, beginning about June 1 
in ordinary seasons, with repetitions 
at 30-day intervals. As a rule, the 
orchards at Lewiston, Idaho, are wat- 
ered three times, beginning about June 
15. At Boulder, Colo., from two to 
four waterings suflQce for fruit trees, 
the last being given on or before Sep- 
tember 5, so that the new wood may 
have a chance to mature before heavy 
freezes occur. In the Bitterroot Val- 
ley, Mont., young trees are irrigated 
earlier and oftener than mature trees. 
Trees in bearing are, as a rule, irri- 
gated about July 15, August 10, and 
August 20 of each year. 

Utah orchards are rarely irrigated 
before June 15 in the central part of 
the State and before July 1 in the 
northern part. Water deliveries to 
porous bench lands occur, as a rule, 
every eight days, and every two weeks 
on the heavier types of soil. 

In studying the soil and climate in 
connection with the frequency of irri- 
gation of the citrus belt of southern 



California, Vaile concluded that an 
interval between irrigations of five 
weeks brought about the highest fruit 
yields in the coastal territory, that 
three weeks was best for the foothill 
territory, and that four weeks was 
best for the intermediate territory. 
The time and number of irrigations 
for the deciduous orchards of Santa 
Clara Valley, Calif., are usually a first 
watering for prune trees of 4 to 5 
acre-inches late in May or early in 
June, and a later watering of 5 to 6 
acre-inches. Cherry, peach, and apri- 
cot trees are given their first irrigation 
earlier, with a shorter interval be- 
tween the first and second irrigation. 
Pears receive from three to five irri- 
gations. 

In Yakima Valley, Wash., the irriga- 
tion season for orchards extends from 
about April 15 to September 15. This 
being a locality of light precipitation, 
the number of irrigations runs from 5 
to 10 and averages over 7 in the season. 

REMOVAL OF EXCESS WATER 

Loss of water is not the only result 
of deep percolation. The water which 
escapes in this and other ways usually 
moves through the soil slowly until 
it reaches some underground body of 
water at a lower level. In case 
orchards have been planted at these 
lower levels the rise of the ground 
water should be watched carefully. 
An ordinary small posthole auger is 
one of the most convenient tools to 
use in making test wells to disclose 
the behavior of the ground water. 
Injury to the trees or their destruction 
may be caused by submergence of the 
roots, the accumulation of mineral 
salts or alkali at or near the surface, 
or by both. Artificial drainage must 
be provided in time to prevent this. 

Open drains in orchards occupy 
valuable land, obstruct field work, and 
are expensive to maintain. Some of 
these objections may be minimized if 
the drains can be located along the 
lower boundary of the tract, otherwise 
covered drains are preferable. Fruit- 
tree roots, with the possible exception 
of those of pear trees, are not likely 
to give trouble in clogging drains. 
Willows, poplars, and cottonwood trees 
should not be permitted to grow near 
underdrains. Under ordinary condi- 
tions where the soil is stable the cost 
of drainage will vary from $15 to 
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$40 per acre. Where a narrow strip 
in the bottom of a draw is to be 
protected or where unstable soil exists 
the cost per acre may be considerably 
higher." 

The matter of providing adequate 
surface drainage is also important. 
Fruit trees standing in low spots 
which are almost continuously wet 
because of neglect of this matter are 
in grave danger of being killed, even 
though the ground-water table may be 
many feet below the surface. 

WINTER IRRIGATION OF ORCHARDS 

When water is used outside of the 
regular irrigation period or, what is in 
many cases equivalent, outside of the 
growing season, the practice is termed 
" winter irrigation." In the Pacific 
Coast States and Arizona the precipi- 
tation usually occurs in winter in the 
form of rain, and large quantities of 
creek water are then available. This 
water is spread over the orchards in 
January, February, and March, when 
deciduous trees are dormant. The 
most favorable conditions for this 
practice are a mild winter climate ; a 
deep, retentive soil that will hold part 
of the water applied; deep-rooted 
trees; and a soil moist from frequent 
rains. In colder climates, orchards 
are frequently irrigated after the trees 
are dormant, so that the moist condi- 
tion of the soil during the cold months 
may help prevent winterkilling. Trees 
are also irrigated early in the spring 
where the summer water supply is 
short, to store water in the soil for 
later use by the trees. 

The following examples will suffice 
to prove the harmful effects of allow- 
ing orchards to enter the winter in a 
dry condition : 

About 1,200 acres were planted to 
peach trees in 1907 in the Green River 
district of Utah. These made fairly 
good growth until the winter of 1909- 
10, notwithstanding the fact that the 
heavy soil absorbed water slowly. As 
a result of the washing out of the 
dam across Green River on July 20, 
1909, no water was available after 
that date for any of the tracts, with 
three exceptions. Water wheels pro- 
vided water for two of these, and 
part of a third was flooded from the 
canal late in August by waste water 
produced by a rain storm. All trees 
except those in the three watered 



11 Farm-drainage problems are discussed 
at length in U. S. Dept. Agr. Farmers' Bui. 
805, The Drainage of Irrigated Farms, and 
In U. S. Dept. Agr. Bui. 190, The Drainage 
of Irrigated Land, both by R. A. Hart. 
The latter is out of print. 
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tracts were winterkilled. The im- 
paired vigor of the trees resulting 
from the early shutting off of the 
water, the dryness of the soil, and the 
severe cold of the following winter, 
seemed to be the main causes of their 
destruction. 

In 1924 a shortage of water in the 
peach and cherry tree orchards of 
Box Elder County, Utah, impaired the 
growth of many trees. This shortage, 
coupled with the dryness of the soil, 
led to much winterkilling. Orchards 
with cover crops of clover or alfalfa, 
supplied with sufficient moisture for 
a healthy tree growth, escaped injury. 

In many of the orchards of Montana 
no water is applied in summer irriga- 
tion after August 20; but, because of 
the prevalence of warm chinook winds 
which not only melt the snow in a 
night, but rob the exposed soil of much 
of its moisture, one or two irrigations 
are frequently necessary in midwinter. 

To prevent the winter injury to 
orchards in Colorado the following 
method is used.^ 

As soon as the fruit has attained 
full size, irrigation should cease and 
the land be permitted to dry. Later, 
after the trees have shed their leaves 
and become dormant, the orchard 
should be thoroughly irrigated, usually 
late in October or the fore part of 
November. This irrigation will fill the 
soil and the trees with moisture and 
prevent them from drying out during 
the winter. In most cases the winter- 
killing is not due to low temperature, 
but to the dry, cold air which takes 
the moisture out of the trees when 
they are unable to recoup their supply 
from the dry soil. 

The immature top shoots of young 
walnut trees are frequently injured 
in winter and die suddenly in the early 
spring. The injury, according to 
Batchelor and Reed,^^ in most cases 
is caused by frosts, sunburning, winter 
drought, a high water table or alkali, 
or combinations of these conditions. 
A preventive measure against frost 
injury is to use water sparingly or not 
at all in late summer, in order to 
hasten the maturing of new growth. 
The only remedy for winter drought 
is to apply sufficient water during the 
dormant season to provide amply for 
transpiration ; and the lowering of the 
water table by drainage is the usual 
remedy for saturated soil in the root 
zone. 
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